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I Abstract 

^ ' We have calculated the magnetic moment of the recently observed pen- 

taquark in the framework of the light cone QCD sum rules using the photon distri- 
bution amplitudes. We find that = (0.12 it 0.06)/^ at, which is quite small. We 
^ , also compare our result with predictions of other groups. 
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m ■ 1 Introduction 
o 

^ ' Early this year LEPS Collaboration at the SPring-8 facility in Japan observed a sharp 
resonance G"*" at 1.54 ± 0.01 GeV with a width smaller than 25 MeV and a statistical 
Oh. significance of 4.6(T in the reaction •yn — > K^K~n [1]. This resonance decays into K~^n, 
r-| ! hence carries strangeness = +1 and B = +1. 

Later the same resonance was confirmed by several other groups. In a different reaction 
K^Xe —>■ Q^Xe' — > K^pXe', DIANA Collaboration at ITEP observed this resonance at 
1539 ±2 MeV with a width less than 9 MeV [2]. Now decays into K^p. The confidence 
level is 4. 4a. 

CLAS Collaboration in Hall B at JLAB observed 0+ in the K^n invariant mass spec- 
trum at 1542 ± 5 MeV in the exclusive measurement of the 'yd K^K~pn reaction [3]. 
The statistical significance is 5.3cr. The measured width is 21 MeV, consistent with CLAS 
detector resolution. There was only preliminary hint that might be an iso-singlet from 
the featureless M{K^p) spectrum in the CLAS measurement. 

SAPHIR Collaboration observed this positive-strangeness resonance in the nK'^ invari- 
ant mass distribution with a 4.8o" confidence level in the photoproduction of the nK"'"Kg 
final state with the SAPHIR detector at the Bonn ELectron Stretcher Accelerator ELSA 
[4]. Its mass is found to be Me+ = 1540 ± 4 ± 2 MeV. An upper limit of re+ < 25 MeV 
was set for the width of this resonance at 90% confidence level. From the absence of a 
signal in the pK"*" invariant mass distribution in 7p pK+K^ at the expected strength 
they further concluded that the must be an isoscalar. 

Recently another very important observation came from the high energy collision ex- 
periment. NA49 Collaboration found evidence for the existence of a narrow S~7r~ baryon 
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resonance with mass of (1.862 ± 0.002) GeV and width below the detector resolution of 
about 0.018 GeV in proton-proton coUisions at ^Js — 17.2 GeV [5]. The quantum number 
of this state is Q = —2,S = —2,1 = 3/2 and its quark content is {dsdsu). They also 
observed signals for the Q = member of the same isospin quartet with a quark con- 
tent of (dsusd) in the E~n^ spectrum. The corresponding anti-baryon spectra also show 
enhancements at the same invariant mass. 

Due to the complicated infrared behavior of Quantum Chromodynamics (QCD), it's 
nearly impossible to predict the hadron spectrum analytically from first principle. Lattice 
simulation may provide an alternate feasible way to extract the whole spectrum in the 
future. But now, people have just been able to understand the first orbital and radial 
excitation of the nucleon on the lattice [6]. 

Experimentally there have accumulated tremendous data in the low energy sector in the 
past decades. Under such a circumstance, various QCD-inspired models were proposed. 
Among them, the simple quark model (QM) has been surprisingly successful in the classi- 
fication of hadrons and calculation of their spectrum and other low-energy properties [7]. 
According to QM, mesons are composed of a pair of quark and anti-quark while baryons 
are composed of three quarks. Both mesons and baryons are color singlets. Nearly all 
the experimentally observed hadrons fit into the quark model classification scheme quite 
nicely. 

In contrast, QCD itself does allow the existence of the non-conventional hadrons with 
the quark content other than qq or qqq, which is beyond conventional mesons and baryons 
in the quark model. Some examples are glueballs {gg, ggg, • • •), hybrid mesons (qqg), and 
other multi-quark states {qqqq, qqqqq, qqQQqQ, QQQQQQ, ■ ' ')■ isict, hybrid mesons are 
found to mix freely with conventional mesons in the large limit [8]. However, despite 
extensive experimental searches in the past two decades, none of these states has been 
firmly established until this year [9]. 

The surprising discovery of very narrow resonance with positive strangeness by LEPS, 
DIANA, CLAS, SAPHIR and NA49 Collaboration shall be a milestone in the hadron 
spectroscopy, if these states are further established experimentally. Perhaps, a new land- 
scape is emerging on the horizon, of which we have only had a first glimpse through the 
above experiments. Now arises a natural question: are there other "genuine" hadrons 
with valence quark (anti-quark) number = 4, 6, 7, 8, • • •, in which quarks do not form 
two or more color-singlet clusters such as hadronic molecules or nuclei? Is there an upper 
limit for N7 In our universe, there may exist quark stars where the quark number is huge. 
Is there a gap in from pentaquark states to quark stars? All these are very interesting 
issues awaiting further experimental exploration. 

On the other hand, these experiments have triggered heated discussions of the inter- 
pretation of these resonances [10, 11, 12, 13, 14, 15, 16, 18, 19]. Up to now, the parity 
and angular moment of the particle have not been determined while its isospin has 
not been cross-checked by other groups. 

The partial motivation of the recent experimental search of the pentaquark state came 
from the work by Diakonov et al. [20]. They proposed the possible existence of the S — 1 
— resonance at 1530 MeV with a width less than 15 MeV using the chiral sohton 
model and argued that ©"^ is the lightest member of the anti-decuplet multiplet which is 
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the third rotational state of the chiral sohton model (CSM). Assuming that the iV(1710) 
is a member of the anti-decuplet, ©+ mass is fixed with the symmetry consideration of 
the model. 

However, identifying A^(1710) as a member of the anti-decuplet in the CSM is kind 
of arbitrary [21]. Instead, if the anti-dccuplct Pu is A^(1440), the 0+ would be stable 
as the ground state octet with a very low mass while would be very broad with the 
anti-decuplet Pu being A'"(2100) [21]. Furthermore, if the decay width of the anti-decuplet 
A^(1710) was shifted upwards to be comparable with PDG values, the predicted width of 
0+ particle would have exceeded the present experimental upper bound [21]. Moreover, 
the mass of the pcntaquark state with the quark content (dsdsu) is rigourously predicted 
in the CSM to be 2070 MeV, which is 210 MeV higher than the experimental value 
measured by NA49 Collaboration [5]. 

A more serious challenge to the chiral soliton model came from the large Nc consistency 
consideration by Cohen [15]. He found that predictions for a light collective 0+ baryon 
state (with strangeness +1) based on the collective quantization of chiral soliton models 
are shown to be inconsistent with large Nc QCD since collective quantization is legitimate 
only for excitations which vanish as Nc ^ oo. He concluded that the prediction for 0"^ 
properties based on collective quantization of CSM was not valid [15]. 

The relationship between the bound state and the SU(3) rigid rotator approaches to 
strangeness in the Skyrme model was investigated in [16]. It was found that the exotic 
state may be an artifact of the rigid rotator approach to the Skyrme model for large Nc 
and small ttik- 

Jaffe and Wilczek proposed that the observed 0+ state could be composed of an anti- 
strange quark and two highly correlated up and down quark pairs arising from strong 
color-spin correlation [11]. The resulting of 0"'" is They predicted the isospin 3/2 
multiplet of S (ddssu) with S = —2 andJ'^ = |^ around 1750 MeV. Such a state with 
the same quantum number was observed by NA49 but with a much higher mass at 1860 
MeV [5]. 

We have estimated the mass of the pcntaquark state with QCD sum rules and found 
that pcntaquark states with isospin / = 0, 1, 2 lie close to each other around (1.55 ± 0.15) 
GeV. Unfortunately we are unable to determine its parity. However, wc pointed out that 
the experimentally observed baryon resonance 0^(1540) with 5 = +1 can be consistently 
identified as a pentaquark state if its — ^ . Such a state was expected in QCD. If its 
parity is positive, this pentaquark state would be really exotic. We emphasized that the 
outstanding issue is to determine its quantum numbers experimentally. 

In the present work, we shall employ the light cone QCD sum rules (LCQSR) to 
extract the magnetic moment of the 0^ particle. The baryon magnetic moment is another 
fundamental observable as its mass, which encodes information of the underlying quark 
structure and dynamics. Different models generally predict different values. Such a study 
will deepen our knowledge of pentaquark states and may help us explore its dynamics 
and distinguish so many models in the literature. 

Our paper is organized as follows: Section I is an introduction. A brief review of 
this field is presented. In Section II we summarize our previous work on the pentaquark 
mass sum rule. Then we present the formalism of LCQSR in Section III. Our numerical 
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analysis and discussions are given in Section IV, where we also compare our result with 
other groups' prediction. 

2 Mass Sum Rule 

The method of QCD sum rules incorporates two basic properties of QCD in the low energy 
domain: confinement and approximate chiral symmetry and its spontaneous breaking. 
One considers a correlation function of some specific interpolating currents with the proper 
quantum numbers and calculates the correlator perturbatively starting from high energy 
region. Then the resonance region is approached where non-perturbative corrections in 
terms of various condensates gradually become important. Using the operator product 
expansion, the spectral density of the correlator at the quark gluon level can be obtained 
in QCD. On the other hand, the spectral density can be expressed in term of physical 
observables like masses, decay constants, couphng constants etc at the hadron level. With 
the assumption of quark hadron duality these two spectral densities can be related to each 
other. In this way one can extract hadron masses etc. For the past two decades QCD sum 
rule has proven to be a very powerful and successful non-pcrturbative method [22, 23]. 

Due to the low mass of O"*", we have argued its angular momentum is likely to be one 
half and considered the correlator for 7 = pentaquark state [10] 

i I dW^-(0|T{77o(x), 77o(0)}[0) = U{p)p + U'{p) (1) 

where fj = rj^'yo and p = Pfx- 7'*- The interpolating current takes the form [10] 

riQ{x) = ■^e''^^[ul{x)C-f5db{x)]{ue{x)se{x)i-f5dc{x) - (m ^ d)} (2) 

where a, 6, c etc are the color indices. T denotes transpose. C is the charge conjugation 
matrix. (6*75)^ — —(^75 ensures the isospin of the up and down quark pair inside the 
first bracket to be zero. The anti-symmetrization in the second bracket ensures that the 
isospin of the other up and down quark pair is also zero. 

The overlapping amplitude /o of the interpolating current with the pentaquark state 
was defined as 

(O|77o(0)|p,/ = 0) = /o«(p) (3) 

where u{p) is the Dirac spinor of pentaquark field with / = 0. 

At the hadron level, the chiral even structure n(p) can be expressed as 

n(p) = — — 2-—^ -|- higher states (4) 

where Mq is the pentaquark mass. On the other hand, it will be calculated in terms of 
quarks and gluons. 

{Q\T{rioix)f]o{Q)}\0) = -e'^^^e"'^'^' x 
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{-Tr [iSf\xYi,CiSl--'{x)C^,] Tr \^i^S'^^ (x)^-i^Sf {-x)\ iSl^' {x) 
+Tr [i^r^iSf\x)i^^iSf {-x)] iSf {xYi^CiSj^^\x)C^^iSf {x) 
-Tr [iS-f (x)i75i5f'(-x)i75iS'f (x)75Ci5j«"'(x)C75] iS^^' {x) 

+iST'{x)^,C [i^f (x)^75^5r'(-^)^75^^f (^)]^ C75i5r'(^) 

-Tr [iSf\x)^^CiSl''^\x)C^^] iSl^\x)i-fr,iSf {-x)i^r,iSf\x) 

+iSl'' {x)i-f5iSf{-x)i-f5iSf (a;)75Ci5j«'^' {x)C^5iS'/ (x) 
+iSf {x)-f5CiS™' {x)Cj5iSf {x)i-f5iSf {-x)ij5iS2''' (x) 

+iSf{x)-f5C \iSf {x)i-f5iSf {-x)i^5iSf {x)f C^5iS'/ (x)} 



(5) 



where iS^^' {—x) is the strange quark propagator in the coordinate space. 

After making Fourier transformation to the above equation and invoking Borel trans- 
formation to Eq. (1) we have obtained the mass sum rule [10] 
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where is the strange quark mass, po{s) is the spectral density and sq is the threshold 
parameter used to subtract the higher state contribution with the help of quark-hadron 
duality assumption. Roughly speaking, is around the first radial excitation mass. 
The spectral density reads 
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where we have used the factorization approximation for the multi-quark condensates. 
The pentaquark mass was found to be [10] 
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p'{s)ds 



ds 



with p'(s) = sp{s) except that p'{s) does not contain the last term in p{s). 

In the numerical analysis, we have used the values of various QCD condensates Ug — 
-(27r)2(gg) = 0.55GeV^ a, = O.Sttg = 0.44GeV^ We used m,(lGeV) = 0.15 GeV for the 
strange quark mass in the MS scheme. Numerically we arrived at Mq = (1.56±0.15)GeV, 
where the central value corresponds to = 2 GeV^ and sq = 4 GeV^. 



3 Formalism of Light Cone QCD Sum Rules 

The LCQSR is quite different from the conventional mass QSR, which is based on the 
short-distance operator product expansion (OPE). The LCQSR is based on the OPE on 
the light cone, which is the expansion over the twists of the operators [24]. The main 
contribution comes from the lowest twist operator. Matrix elements of nonlocal operators 
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sandwiched between a photon (or hadronic state) and the vacuum define the photon 
(hadron) distribution amphtudes. When the LCQSR is used to calculate the coupling 
constant, the double Borel transformation is always invoked so that the excited states 
and the continuum contribution can be treated quite nicely. Moreover, the final sum rule 
depends only on the value of the photon (or hadron) distribution amplitude at a specific 
point, which is much better known than the whole distribution function. In the present 
case our sum rule involves the photon light cone distribution amplitudes (p^{uQ = |)- Note 
this parameter is universal in all processes at a given scale. In this respect, f-yi^uo = |) is 
a fundamental quantity like the quark condensate, which is to be determined with various 
non-pcrturbativc methods. Like the quark condensate, it can be extracted consistently 
through the analysis of the light cone sum rules. 

In the framework of QCD sum rules, the nucleon magnetic moment was first studied 
using the external field method in Refs. [25, 26, 27]. The presence of the electromagnetic 
field will polarize the vacuum and lead to a few new induced condensates with various 
universal vacuum susceptibilities. Later this formalism was extended to extract the mag- 
netic moments of the octet and decuplet baryon and heavy baryons [28, 29]. LCQSRs 
were first used to calculate the magnetic moments of nucleons in [30] . Recently the mag- 
netic moments of the octet and decuplet baryons were reformulated and discussed with 
the help of the light cone QCD sum rule technique [31]. 

In the present case, we are interested in the pentaquark magnetic moments. We shall 
consider the following correlator 

n(pi,P2,?) = i J d'xe'^'{^(q)\T{no(x)fjo(0)m (9) 

where 7 represents the external electromagnetic field with the vector potential B^{x) = 
£^e*^'^. 6^ is the photon polarization vector. Throughout this work we shall use the 
convention of outgoing photons. Its field strength is Fi^^{x) — {—i){s^qi, — e„q^)e^'^'^. 
Pi = p,P2 = Pi + q is the final and initial pentaquark momentum. 
At the hadron level, the correlator can be expressed as 

Ilipi,p„q) = /oVg±5[F,(g^)7, + ^F,(g^)]|±3 

+/Jo.%4^[F;(^^)7. + ^F*iq^r^^ + ■■■ (10) 

where m* is the mass of the excited pentaquark state, /* is the overlapping amplitude 
of our interpolating current with these states. F*2{q'^) are the electromagnetic transition 
form factors between the ground state and excited pentaquarks. 

We have used the electromagnetic vertex of 0"*" in writing down the above formula. 

(e+(pi)|e+(p2)), = e'^uoipimiq'h, + '-^F,{q')]uoip2) (11) 

In Eq. (10) the first term contains two poles at both pf = rn^ and p\ = tUq with both 
the initial and final baryon being the ground state pentaquark. We have also explicitly 
written down terms with a single pole either at pf = ml or p| = ttIq. In this case one of the 
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initial or final state is the excited state. The ellipse denotes the continuum contribution. 
As we will show below, the contribution from all the non-diagonal terms in Eq. (10) will 
be either eliminated or strongly suppressed after we invoke double Borel transformation 
with the variables Pi,P2 simultaneously. 
Rewriting Eq. (10) we get 

n(pi,P2, q) = Me^'^^[{Fi{q') + F,{q'))j, + ^^F2(g^)]g^5 + • • • 

= (^-mik-n4) + ^2(^^)] ^1 ^ ^2 + • • • (12) 

The pentaquark magnetic moment is defined as 

f^e^ = [FM + F2m^^ (13) 

We are only interested in the term involving the magnetic form factor Fi{q^) + ^2(5^). 
So we focus on the tensor structure ^ -p^-, which is equivalent to —i^ix,vafil^lh^^ (fv^ 
up to terms containing a single gamma matrix. 

At the quark gluon level, the expression of the above correlator can be obtained through 
simple replacement in Eq. (5). There are two classes of diagrams according to the way 
how the photon couples to the quark lines. First, the photon couples to the quark line 
perturbatively through the standard QED interaction. For this set of diagrams, we may 
replace one of the free quark propagator in Eq. (5) by the one with the electromagnetic 
interaction 

(0|r{g«(x)^(0)}|0)^^, = du{2{\ - 2u)x,^, + ie,,p.i,Yx''}F^''{ux) (14) 

(0|T{5«(0)g-*(x)}|0)^,, = / ^^-^2(1 - 2u)x^^. + ie,.p.i,Yx'^}F^''[{l - u)x] 

(15) 

where we have adopted the Fock-Schwinger gauge x^A^{x) = to express the electro- 
magnetic vector potential in terms of the gauge invariant F^^. 

The second class of diagrams involve the non-perturbative interaction of photons with 
the quarks in terms of the photon light cone distribution amplitude. One of the five 
propagators in Eq. (5) is substituted by 

{l{qW{x)q\m = -£^(^(g)|g^(0)a^,g''(x)|0) + 2^(7(g)|g^(0)7^75g"(a;)|0) 

-'i{i{q)\mi,q''{m (16) 

The two-particle photon hght cone distribution amplitudes (LCPDA) are defined as 
[24, 32]: 

(7(?)|g(x)(7^^?(0)|0) = ieq{qq) due''"i''{{e^qf) - epqa){x<p{u) + x'^[{gi{u) 

-92{u)]} + {qx{eaXp - epXa) + ex{xaqp - x^qa)}g2{u)) (17) 

{l{qMxh,7,q{0m = ^e^e.^p^e'^q^x^ £ due'^''^^{u) (18) 
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iliqMxKqmO) = f^^'^e.e, C due'''^^i^'^''\u) (19) 

Jo 

The (p{u) is associated with the leading twist- two photon wave function, while gi{u) and 
g2{u) are twist-4 LCPDAs. All these LCPDAs are normalized to unity, Jq du f{u) — 1. 
In the above formula, the summation over quark color indices is implicitly assumed. 
With these definitions and spatial translation transformation, it's easy to derive 

{liqMOKM^M = ie,{qq) Jo due'^^--^i-{{eaqp - epqa){x<p{u) + x^[{gi{u) 

-92{u)]} + {qxiSaXp - EpXa) + ex{Xaqp - Xpqa)}g2{u)) (20) 

{l{q)mh,75q{xm = -^e,e,,,,e''q^x- £ d«e^(i-^)^^V^(«) (21) 

(7(9)19(0)7.9(^)10) = /(^)e,e, /' due'^'-^^'^^^^''\u) (22) 

After tedious but straightforward calculation we arrive at the correlator in the coordi- 
nate space, to which we then make Fourier transformation. The formulas are: 



/ 



d^x = t{-ir+ \ ' ' ' , (23) 



(^2)n V ; (_^2)D/2-n r(n) 



/ ^d'^x - ( l^n+l 2^-^"^^7^^/^^(Z^/2 + l-r^) 

After isolating the correct tensor structure, we further make double Borel transforma- 
tion with the variables and p|. In this way the single-pole terms in (12) are eliminated. 
The formula reads: 

Here M = 0^ is the Borel parameter and Uq = jj^, I - Uo = 

Subtracting the continuum contribution which is modelled by the dispersion integral 
in the region si, S2 > sq, we arrive at: 

+ gsesmuo)M'y,{f^) - ^{Ueu + 3ed)/m,a,V(l - ^o)M6/2(]g^) 
+ ^i20eu + 5erf)/m,a,^(l - uo)M^f2i^) 
+#^(20e„ + 5e,)/a,a,^(l - txo)MVi(]§^) 
+ 3ft(20e„ + 5Q)/a2^(l - uo)My^iff,) 

+#^eJa2^(tzo)MVi(fV) - 5i^(14e„ + 3e, + 2e,)MiV5(f^) 
+ 3^(14e„ + 3ea)msa,M^fs{^) - ^{20e^ + 5ed)m,a,M8/3(]^) 
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-35^(20e„ + 5ed)asa,My2{j^) - sk^{20e^ + Se^ + 8e,)alM^ M^) 
-3^(14e„ + 3ed)asa^g - ^estt^ + -^{eu + 2ed)m^agX¥'(l - Uo)M^°fi{^) 
-3^(e« + 2ed)msaq[gi{l - Uq) - ^2(1 - Uo)]M^f3{j^) 

+ ^ieu + 2ed)asaqXV{l - uo)M^fsi^) 
-3^(e« + 2ed)a,ag[gi{l - uq) - ^2(1 - Uo)]M^f2{^) 

+ 3^(e„ - 2ed)al[g^{l - uo) - 92(1 - Mo)]M6/2(#) 

-^esasaq[gi{uo) - fi'2(Mo)]^V2(]gk) - 3^(en - 2erf)a^a^x</'(l - %)^Vo(]gk) 
+ 3^esasa3xv9(Mo)M2/o(]^) + 3^3 ~ 2ed)a^a^[5(i(l - uq) - 5-2(1 - mq)] 
-g^esO^a^ [5-1(^0) - 52(^^0)] + 34^(e« + 2ed)a^xv9(l - UQ)M^fo{j^) 
-3^3 (e« + 2ed)a^[5(i(l - mq) - 52(1 - uq)] 
+ 372^(e« - 2erf)m,a,a2xv?(l - Mo)MVi(]§k) 
~3^(^" ~ 2ed)msa,a2[5i(l - mq) - 52(1 - uq)]M^ fo^j^) 

-^{eu - 2ed)msalxv{l - u^)M^h{^) 
+ 3^(e„ - 2ed)msal[gi{l - «o) - 52(1 - u^)]M^U{^)} (26) 

where we have used the functions fn{x) — I — YZ=o fr to subtract the excited states 
and continuum contribution. 

The left side of the above equation is obtained from double Borel transformation to the 
hadron level correlator. We have assumed the quark-hadron duality. Since in the present 
case, both the initial and final states are the same pentaquark. It is natural to employ 
Ml = M| = 2M2 so we have Uq^\. 



4 Results and Discussions 

Dividing our light cone sum rule for the pentaquark magnetic moment Eq. (26) by its 
mass sum rule Eq. (6), we can extract the combination |-Fi(0) +^2(0)]. In the numerical 
analysis, we follow Refs. [24, 32] and use the following form for the photon light cone 
distribution amplitudes, 

^(«) = 1, 
ip{u) — 6ii(l — u), 

9i{u) = ~{l-u){3-u), 

g2{u) = -^{i-uf 

with / = 0.028GeV^ x(lGeV) = -4.4GeV-2 [25, 26, 27, 24, 32]. 

The variation of the pentaquark magnetic moment with M^, sq is shown in Figure 1. 
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Figure 1: The variation of the absolute value of the magnetic moment of G"*" (in unit of 
1^), with the Borel parameter and the continuum threshold sq. The three curves in 
this figure (from top to bottom) correspond to Sq = 3.61, 4.0, 4.41GeV^ respectively. 



Numerically we get 

l/ie+l = (0.20 ±0.10)^, (27) 
In unit of nucleon magneton, we have 

|;xe+| = (0.12±0.06)/i7v, (28) 

The central value is obtained at = 2.0GeV^ and Sq = 4.0 GeV^. The errors come 
from (1) the uncertainty of the values of the photon light cone distribution amplitudes at 
Mo = |; (2) the truncation of the expansion over the twist and keeping only the lowest-twist 
few terms containing two particles; (3) the truncation of the operator product expansion 
in the calculation of the terms not involving the photon LCPDA; (4) the uncertainty of 
the condensate values; (5) the variation of the sum rule with the continuum threshold and 
the Borel parameter within the working interval; (6) the neglect of the higher dimension 
condensates; (7) the neglect of perturbative QCD corrections etc. 

In our calculation we have assumed the pentaquark state G"*" is an isoscalar with 
J = |. No assumption is made of its parity. In fact, our interpolating current couples 
to pentaquark with both negative and positive parity as pointed out in Ref. [10]. Our 
formalism picks out only the state with lowest mass without knowledge of its parity. 
Fortunately the electromagnetic vertex of pentaquarks with either negative or positive 
parity is the same, which ensures that we can extract the absolute value of the magnetic 
moment of the lowest pentaquark state even if we do not know its parity. Our result 
shows that the magnetic moment of G"*" is quite small. 

In Ref. [17], Nam, Hosaka and Kim first estimated the anomalous magnetic moment 
Ke+ of the G+ pentaquark when they discussed the photo-production of G"*" from the 
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neutron. For example, they have estimated hq+ = —0.7 and ^0+ = —0.2 for = 
and — ^ respectively using Jaffe and Wilczek's diquark picture. Also, they have 
considered the possibility of a K N bound system, with k{KN, = i"*") ~ —0.4 and 
k{KN, — ^ ) = — 0.5. These numbers are all in unit of magneton 2:^-^. 

In Ref. [18], a quark model calculation of the magnetic moment was performed 
using Jaffe and Wilczek's picture for the pentaquark [11]. For comparison, wc borrow the 
relevant two formulae from Ref. [18] and list them below. First Zhao wrote down [18]: 



2' 



(9^ 



1 Cud 
IJ'udO + IJ'udO + IJ>s- + ' 

2 2mud 



(29) 



with the bold numbers denoting the spin and orbital angular momentum vector. We 
note in passing that the author has made an implicit assumption that ud quark pairs are 
point-like and there is no quark exchange between these two pairs. Otherwise the above 
simple formula may not hold. 
Then Zhao obtained [18] 



[1 0, 



1 1 
22 



22^ ^ '2 2 



11 
22 



1 



1 1 1^2^ /3Q^ 

2 2 2^ 2m„d' ^ ^ 



With fig = eg /2ms, = 500 MeV, Cud = + = eo/3, niud = 720 MeV and assuming 
equal probability for two spatial configuration, i.e., a = 6 = he finally obtained [18] 



/i0+ = 0.13 



2mo 



(31) 



In Ref. [19] Kim and Praszalowicz derived relations for the anti-decuplet within the 
framework of chiral soliton model in the chiral limit. The 0+ pentaquark magnetic 
moment is estimated to be (0.2 ~ 0.3)fiN [19]. It's interesting to note that magnetic 
moment of 6 pentaquark derived from different models is also quite small. 

In short summary, we have estimated the magnetic moment of the ©"^ pentaquark 
state in the framework of light cone QCD sum rules using the photon distribution ampli- 
tude. All the necessary parameters in the present calculation have been determined from 
previous studies. To this extent, our calculation may be viewed as a robust prediction. 

The width of the Q"*" pentaquark is so narrow. With the accumulation of events, its 
magnetic moment may be extracted from experiments eventually in the near future, which 
may help distinguish different theoretical models and deepen our understanding of the 
underlying dynamics governing its formation. 

This project was supported by the National Natural Science Foundation of China under 
Grant 10375003, Ministry of Education of China, FANEDD and SRF for ROCS, SEM. 
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